OBJECTIVES: Lung transplantation (LTx) is a life-saving therapy for patients with end-stage lung disease. However, there remains a significant postoperative complication rate and mortality in this extreme patient group. The aim of the present study was to identify donor, recipient and perioperative risk factors for one-year mortality after LTx.
INTRODUCTION
Lung transplantation (LTx) provides an effective treatment for endstage lung disease and remains the gold standard therapy in this extreme patient cohort [1] . However, steadily increasing shortage of organ-donors results in a significant waiting-list mortality [2, 3] . To overcome this problem, certain techniques such as donor management optimization, use of extended donor criteria, donors with history of cardiac arrest, donors after cardiac death (DCD) as well as ex vivo lung perfusion were adopted in the last decade [1, 4] . Furthermore, various strategies of mechanical circulatory assistance as a bridge to LTx have been implemented as a life-saving therapy before a suitable organ becomes available [5] . Despite these efforts in addition to continuous refinement of surgical technique and improvement in transplant immunology and microbiology, patients after LTx experience significant postoperative morbidity and mortality [6] .
In order to improve survival after LTx, it is mandatory to have an in-depth knowledge of the variety of factors that may affect outcome in this distinct patient group. Previous reports have documented a significant influence of pretransplant patient characteristics [7] , surgical risk factors [8] as well as patients postoperative course after LTx on survival [9] . Particularly, postoperative factors such as primary graft dysfunction (PGD), bronchiolitis obliterans syndrome (BOS) and acute allograft graft rejection may significantly influence the overall survival after LTx [10, 11] . So far, only a few studies have investigated factors influencing mortality in patients after LTx; however, the results of those studies vary significantly [9, 12, 13] . The objective of this study is to report our recent results from a large single-centre cohort over a 6-year period and to highlight prognostic factors. We analysed pretransplant donor and recipient characteristics, as well as intraand postoperative factors in order to determine the cumulative predictors for one-year mortality after LTx.
METHODS
We included data of 252 consecutive LTxs that were performed at Harefield Hospital during the last 6 years. Recipients were divided into two groups according to overall 1-year survival: 214 (84.9%) survivors and 38 (15.1%) non-survivors. All the patients were eligible for LTx and were on our institutional transplant waiting list. The patients who were supported with extracorporeal membrane oxygenation (ECMO) and who underwent a redo transplantation were also included in the study in order to increase the number of possible risk factors in the analysis. The primary end point was the overall survival to 365 days after LTx. Secondary end points were perioperative clinical characteristics and adverse events, which could have an impact on early and mid-term postoperative mortality. All survivors completed a follow-up period of at least 365 days in order to be included in the present study. Detailed donor data, such as demographic parameters, cause of death, current clinical status, past social and medical history were analysed. Also, the demographics and preoperative recipient data as well as intraand postoperative variables were compared with to identify predictors of 1-year mortality.
Definitions
Smoking history was defined as temporary or permanent smoking habit at the time of organ donation or in the past. One pack-year was defined as 20 cigarettes (one pack) smoked per day for 1 year. The total ischaemic time was defined as the time between cardiac arrest in DCD donors or aortic cross-clamp in donation after brain dead (DBD) donors and reperfusion of the second implanted lung. BOS was diagnosed when post-transplant fraction of expired volume in 1 s (FEV 1 ) measured on the regularly basis after LTx permanently dropped >20% of the best FEV 1 achieved after LTx. The grade of PGD was defined based on International Society for Heart and Lung Transplantation Working Group on Primary Dysfunction Report [14] . The pO 2 /FiO 2 ratio < 200 was considered as PGD grade 3 independent of findings on the chest X-ray. Extended donor criteria were defined as the pO 2 /FiO 2 ratio <300 (pO 2 measured in mmHg) and/ or age over 55 years and/or history of smoking >20 pack-years.
Organ assessment and organ procurement protocol
Donor organ assessment performed at donor hospitals included radiological assessment, fibre-optic bronchoscopy, gross organ inspection and palpation, assessment of compliance using deflation test and selective blood-gas analysis from each pulmonary vein. In order to improve donor gas exchange, we adopted an aggressive policy for therapeutic manipulation of potential donors. This included in particular antibiotic therapy in suspected sepsis, close scrutiny and adaptation of fluid balance, increase in tidal volume and PEEP and bronchial toilet to remove secretions and reduce atelectasis. The final decision on proceeding with organ procurement and transplantation was taken by the implanting surgeon. The standard preservation solution used was low potassium dextran (Perfadex, Medisan, Uppsala, Sweden) solution augmented with CaCl 2 , 3.6% tromethamine (THAM, Hospira, Inc., Lake Forest, IL, USA) and epoprostenol sodium 2.5 ml/l. For DBD donors, 4 l of the solution was usually administered antegradely through a Medtronic 24-Fr single-stage venous cannula and 1 l retrogradely through a Medtronic 15 Fr retrograde cannula with self-inflating balloon. For DCD donors, 3 l of pneumoplegia was administered antegradely and 2 l retrogradely. During the pulmonary artery flush, a flushing pressure between 10 and 15 mmHg was maintained. Once the organs were removed from the chest, they were inspected and then packed for storage on ice and transported half inflated with FiO 2 0.5. Samples of donor main bronchi were taken during organ implantation and sent for histopathological assessment. Also, intrabronchial swabs were collected for microbiological analysis.
Statistical analysis
All the data were presented as continuous or categorical variables. The continuous data were evaluated for normality using histograms created for each group and confirmed by statistically stronger one sample Kolmogorov-Smirnov test. Univariate analysis was performed using either Student's t or Mann-Whitney U-test for normally and non-normally distributed continuous variables, respectively. Pearson's χ² or Fisher's exact tests were used for categorical data dependent on the minimum expected count in each cross tab. Multivariate logistic regression analysis was performed on univariate predictors for 1-year mortality with an entry criterion of P < 0.05. Kaplan-Meier actuarial survival estimate was generated to analyse post-transplant survival of the entire cohort. All the data were analysed using Statistical Package for Social Sciences, version 21.0 (SPSS, Inc., Chicago, IL, USA) and were expressed as the mean ± standard deviation (SD) for normally distributed or median (interquartile range) for non-normally distributed continuous variables. The categorical data are expressed as total numbers and percentages.
RESULTS
Of 252 LTxs performed between 2007 and 2013, 229 (90.9%) were double-lung transplantations (DLTxs) and 23 (9.1%) single-lung transplantations (SLTxs). Lungs were retrieved from 251 donors who met the assessment criteria for LTx. In 47 (18.7%) cases, the lungs were retrieved from DCD donors. Organ procurement was performed by six designated lung transplant centres in the UK, including ours, within a specified geographical region of each centre. The lungs were matched to the recipients according to blood group, height, total lung capacity (TLC), time on the waiting list and clinical status of the recipient at the time of transplantation. The overall 1-, 3-and 5-year survival after LTx in our cohort was 84.4, 69.8 and 63.9%, respectively (Fig. 1) . A total number of 38 patients (15% of the entire patient cohort analysed) died within the first year after LTx. The causes of death were infection (n = 14, 36%), bleeding (n = 7, 18%), multiorgan failure (n = 7, 18%), PGD (n = 4, 11%), rejection (n = 4, 11%), pulmonary embolism (n = 1, 3%) and haemorrhagic stroke (n = 1, 3%). Bleeding and multiorgan failure were usually the causes of early mortality whereas infections as a cause of death were more common in the late postoperative period.
Univariate analysis
A subgroup analysis of 1-year survivors and non-survivors is presented in Tables 1-4 . The survivors received organs from the donors with significantly higher rate of abnormal chest X-rays (P = 0.042) and significantly higher rate of smoking history (P = 0.012). Other donor variables, including demographics, type of donation, clinical characteristics obtained during organ assessment, cause of death and histological and microbiological findings did not reveal any further statistical differences (Table 1 ). There were significantly more female recipients (P = 0.039) in the non-survivor group with significantly higher rate of pulmonary fibrosis (P = 0.001) and pulmonary hypertension (P = 0.001) as primary diagnosis. Other preoperative demographic and clinical characteristics in recipient were comparable between survivors and non-survivors (Table 2) . Analysing the donor-recipient mismatch data, we found that non-survivors had a significantly higher number of donor organs with smaller TLC transplanted in recipients with larger TLC (P = 0.025). Also, non-survivors were associated with a significantly higher rate of gender mismatch in terms of female-to-male donation (P = 0.001). There were no statistically significant differences in the number of acute rejection grade A0 (P = 0.378), Grade A1 (P = 0.455), Grade A2 (P = 0.135) and Grade A3 (P = 0.921) events calculated per month between in survivors and non-survivors. Further univariate predictors of 1-year mortality were intraoperative use of cardiopulmonary bypass (CPB) (P = 0.024), lower postoperative pO 2 /FiO 2 -ratio on arrival to intensive care unit (ICU) (P = 0.008) as well as at 24, 48 and 72 h after surgery (P < 0.001, respectively), longer mechanical ventilation, longer ICU stay, need for postoperative extracorporeal life support (ECLS), PGD on arrival to ICU, at 24, 48 and 72 h after surgery (P < 0.001, respectively) and lower post-transplant fraction of forced expiratory volume in 1 s (FEV 1 ) 6 month after surgery (P = 0.001) with higher percentage of FEV 1 deterioration from the best FEV 1 achieved after LTx (P = 0.039). Other intra-and postoperative variables were comparable between the groups (Table 4 ).
Independent predictors of 1-year mortality
Multivariate analysis revealed female-to-male transplantation (95% CI: 0.088-0.767; P = 0.015), on-pump technique, (95% CI: 0.007-0.944; P = 0.045), lower pO 2 /FiO 2 -ratio 72 h postoperatively (95% CI: 0.988-0.999; P = 0.024) and need for postoperative ECMO support (95% CI: 0.035-0.658; P = 0.012) as the only independent predictors for one-year mortality after LTx. Other univariate predictors did not reach statistical significance in the multivariate analysis. In order to provide a cut-off point for pO 2 /FiO 2 -ratio at 72 h postoperatively, this continuous variable was converted into categorical variable and multiple serial χ² testing was performed with stepwise threshold progression to determine maximal divergence between survivors and non-survivors. This approach established a cut-off point and identified pO 2 /FiO 2 -ratio of <260 (P < 0.001) as the most significant predictor in terms of pO 2 /FiO 2 -ratio. Furthermore, in order to find out intraoperative circumstances in which CPB might be particularly harmful, we analysed two subgroups of patients who underwent on-pump LTx. The results showed that unplanned intraoperative conversion to CPB had a significant negative influence on 1-year (P < 0.001) as well as overall cumulative survival (log-rank P < 0.001, generalized Wilcoxon P < 0.001, Tarone Ware P < 0.001) compared with planned on-pump and off-pump procedures (Fig. 2) . A post hoc test revealed that on-pump LTx was only associated with non-significantly poorer 1-year outcome (P = 0.125) and overall cumulative survival (log-rank P = 0.265, generalized Wilcoxon P = 0.174, Tarone Ware P < 0.235) compared with off-pump strategy. Kaplan-Meier survival estimate for patients undergoing LTx with intraoperative use of CPB (planned vs converted) or off-pump who died within 1 year after transplantation is presented in (Fig. 3 ). There were no statistically significant differences in terms of the time-course among the three groups (log-rank P < 0.702, generalized Wilcoxon P < 0.447, Tarone Ware P < 0.506).
DISCUSSION
One of the main strengths of this study is that no patients were excluded from our analysis representing a large real-world 'all comers' cohort from an experienced LTx centre. Our patient group included recipients with end-stage lung disease of various aetiology, age and severity of pretransplant condition, whereas some of them were bridged to transplantation using ECLS. Furthermore, we analysed all main donor parameters including all currently available organ assessment criteria before organ procurement as well as histological results from the donor's bronchial mucosa. Also, the highly debated impact of non-heart beating donors and implementation of EVLP were analysed in this observation. Additionally, we included intra-and postoperative variables in order to provide a full spectrum of possible factors that may influence 1-year survival, as the previous research highlighted a significant influence of pretransplant patient characteristics [7] , surgical risk factors [8] as well as patient's postoperative course [9] on survival after LTx. The postoperative risk factors for mortality seem to be particularly important for high volume centres as it was previously shown that they are best able to minimize the adverse effects of postoperative complications on short-and longterm survival. The importance of the present observation might also be underlined by the fact that most previous research on risk factors in LTx focused on factors influencing post-transplant complications [10, 11, 15] , quality of life or exercise performance [16] or risk factors of mortality awaiting LTx [17] . However, few currently available publications on risk factors of mortality after LTx are associated with the restricted categories of variables [7, 8, 18] , small patient cohorts [9, [19] [20] [21] , older era analyses [12] or are related to single recipient diagnosis [20] or paediatric transplants [19] . The smaller patient cohorts might compromise statistical analysis, particularly the multivariate approach. Also, it was previously reported that the differences in the complications and long-term survival show the important contribution of the recipient diagnosis to the success of LTx [22] . The principal finding of this study was that the unplanned conversion to CPB should be avoided if possible as it might adversely affect outcome after LTx. For that reason, particularly cases with a high risk of haemodynamic instability should be meaningfully planned in terms of intraoperative strategy. Particularly, the access to the hilum of the left lung, especially pulmonary veins may be associated with compromised circulation as the heart is lifted up and pulled rightward because of its position anterior to the left hilum. Nevertheless, cardiac luxation techniques to facilitate uncompromised off-pump bilateral LTx are described in previous literature [23] .
A number of previous reports indicate negative influence of CPB in LTx. Paradela et al. [8] showed that the use of CPB represents one of the significant surgical risks in LTx and is associated with greater perioperative mortality. Machuca et al. [9] found intraoperative use of CPB to be one of the negative prognostic factors in terms of survival. Gómez et al. [21] also reported significant association of CPB during LTx with increased incidence of mortality in the postoperative recovery unit. Ferrer et al. [20] confirmed this finding and reported on significantly higher 1-month mortality after bilateral LTx with CPB in emphysema patients. Moreover, Diamond et al. [10] identified the use of CPB in LTx as one of the independent risk factors for Grade 3 PGD. On the other hand, de Boer et al. [24] demonstrated a survival benefit of CPB support during bilateral LTx in emphysema patients. However, the survival benefit was only shown in the group with two HLA-DR mismatches whereas this association was not present in the group with 0 or 1 HLA-DR mismatches, indicating the possibility of immunosuppressive effect of CPB support being responsible for this effect. However, all these studies attributed this fact to detrimental effects of CPB and failed to provide a subgroup analysis of patients with the elective use of CPB and the unplanned intraoperative conversion to CPB. This may lead to a possible misperception that even elective CPB might be associated with significantly poorer survival. As shown in our results, compared with the intraoperative conversion to CPB, survival after the elective use of CPB or the off-pump technique in LTx is significantly better.
Likewise, the use of ECLS after LTx was inferior in terms of survival in our study and might be related not only to the detrimental effects of mechanical circulatory support but also to the lower pO2/FiO2-ratio, which represents one of the diagnostic characteristics of PGD and one of the main indication for ECLS. Not surprisingly, our results also indicate lower pO2/FiO2-ratio at 72 h postoperatively as one of the independent predictors for one-year mortality after LTx. These findings corroborate the results by Diamond et al. [10] who identified PGD as a factor associated with 90-day and one-year mortality after LTx. Moreover, Gómez et al. [21] found pO2/FiO2 ratio <150 during the first 24 h following transplantation as one of the variables showing the highest correlations with mortality during the course in the postoperative recovery unit. However, compared with that study, the pO2/FiO2 ratio threshold predictive of 1-year mortality was higher in our investigation pleading for the fact that survival duration may correlate with early postoperative pO2/FiO2 ratio.
The problem of donor-recipient gender mismatch in LTx is highly debated as the results from previous research vary. Lindsey et al. [15] identified a benefit of female donor status in terms of long-term graft survival, whereas Alvarez et al. [25] indicated no negative impact of gender mismatch on early graft function and mortality following LTx. Roberts et al. found a significant improvement in overall survival for gender-mismatched donor-recipient pairs and a significantly shorter BOS-free period for male donor and female recipient pairs. In contrast, according to our results, female-to-male transplantation should be viewed with a degree of caution, which was also found as an independent risk factor for 1-year mortality in our study corroborating the results by Russo et al. [7] . This is also consistent with the fact that non-survivors had Figure 3 : Kaplan-Meier survival estimate for patients undergoing lung transplantation with intraoperative use of CPB ( planned vs converted) or off-pump who died within 1 year after transplantation. There were no statistically significant differences in terms of the time-course among the three groups (log-rank P < 0.702, generalized Wilcoxon P < 0.447, Tarone Ware P < 0.506). Unplanned intraoperative conversion to CPB is associated with a significantly poorer survival (log-rank P < 0.001, generalized Wilcoxon P < 0.001, Tarone Ware P < 0.001) compared with planned CPB use and off-pump procedure, whereas elective use of CPB compared with off-pump strategy is only associated with non-significantly poorer survival (log-rank P = 0.265, generalized Wilcoxon P = 0.174, Tarone Ware P < 0.235).
a significantly higher number of donor lungs with smaller TLC transplanted in recipients with larger TLC in our univariate analysis, which might be related to higher proportion of female-to-male transplantation in this group. This theory is supported by Eberlein et al. [18] who showed similar results regarding donor-recipient TLC mismatch as a predictor of death after LTx and highlighted the association of sex with survival.
Huppman et al. [13] have recently identified risk factors of long-term post-transplant mortality in their single-centre study taking donor, recipient and postoperative variables into account. Interestingly, compared with the factors predictive of 1-year mortality identified in our study, their multivariate analysis revealed acute rejection, lymphocytic bronchiolitis, donor age ≥55 years and HLA-A ≥ 2-/DR ≥ 2 mismatch and single LTx as independent negative predictors for 10-year survival. Similarly, another study on risk factors for 10-year mortality after LTx indicated that the bilateral LTx and fewer hospitalizations for rejection may portend an improved long-term survival [12] . This fact underlines perceptible difference in the factors predictive of short-and long-term mortality after LTx and can help the clinicians to improve survival at different stages during the follow-up. However, in order to identify the risk factors for long-term mortality, older era patients had to be included in those studies. Thus, it might have an impact on the results, as the continuous refinement of surgical technique and the improvement in transplant immunology and microbiology over the last decade might have changed the distribution of survivors and non-survivors.
We also did not identify any risk factors for mortality associated with donor organ function. The use of organs from extended criteria donors was not significantly different between survivors and non-survivors. Moreover, the survivors received organs from the donors with significantly higher rate of smoking history. This finding supports the theory that accepting 'marginal' or less than ideal donors might be appropriate and is not associated with inferior outcome in selected recipients. Furthermore, using the organs from such donors would dramatically impact the available pool of lung allografts and potentially the life expectancy of the patients with end-stage lung disease awaiting transplantation [1] .
LIMITATIONS
These data have several limitations. This study is a retrospective analysis of data from a single institution. However, data collection in a single centre does not often suffer from variability in data entry, some grade of inconsistency and missing data could not be ruled out. Although the data analysis supports associations between variables and outcomes, causal relationships cannot be determined.
CONCLUSION
In summary, we demonstrated that the unplanned use of CPB should be avoided in LTx, as it is associated with higher mortality. Furthermore, the negative impact of female-to-male donation should not be underestimated during recipient selection. These factors can be potentially avoided at the stage of donor-recipient matching and planning surgical strategy. Furthermore, early postoperative deterioration in oxygenation particularly with the need for extracorporeal oxygenation might help clinicians in terms of prognosis.
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